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POLYMERIC MICRO-POROUS MEMBRANES 
• AND THEIR PRODUCTION 

The preaeot invention relates to asyaaetrlc 
nicro-poroua membranes. . Hore particularly, it relates to 
aicro-porous nembranes having a good filtration efficiency. 



Blcro-porous aenbrane have been known for quite 
a long time (see e.g. . 'Synthetic Polyneric Henbraaes' 
5 by . R. Jesting published by HcGrav Hill Co.) 
and Hldely used for filtration, etc. They are produced 
by using cellulose esters as starting oaterlals as 
dlscribed Is U.S. Patents Hon. 1.421.341. 3,133.132 1 
2,944.017. and Japanese Patent Publications. Nob, 15, 
10 83.313/'T0, 39,586/'73 1 40,050/ , 73, by using aliphatic 
polyaaldes as described in U.S. Patents Noa. 2,783,894. 
3,408,315, 4,340,479, 4.340,480 1 4,450,120, term Patent 
No. 8,138,525, and Japanese Patent Publication (OPI) No. 
37,842/' 83 (the ten "0P1 ' sb used herein aeans an un- 
15 exailned published application ), by using polyfluoro- 
carbons as disclosed In U.S. Patents Koa. 4,196,070, 4' 
4,340,482, and Japanese Patent Publications (OPI) Koa. 
S9,934/'80 J 91. 732/* 83, by using polysulfones as shown In 
Japanese Patent Publications (OPI) Moa. 151,051/11, 
86. 941/*81 U2.640/"81. and eaploylng polypropylene as 
shown in German Patent OLS 3,003,400. These micro-porous 
tenbranea are used for, e.g.. filtering or sterilising 
cleaning water for the electronic Industry, water for • 
pharmaceuticals including that used in their manufacturing 
25 processes, water for foodstuffs, etc. The uses of the 
mbraaa and the amount thereof consumed have increased 
recently. In particular highly reliable micro-porous 
membranes 8 re ' much used for the purpose. 
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of catching fine particles. 

Such aicro-poroos nenbranes are divided of two 
types, i.e., (1) the so-called synaetric aeabrane: the 
eicro-pores ii this aeabrane have dlaneters which 

5 substantially do not vary in the direction oi Its 
thickness and those on both sides of its have 
substantial ly the sane dianeter, and (2) the so-called 
asymetric aenbrane: its nlcro-pores have diaaeters 
which vary continuously or discontinuous^ In the 

10 direction of Its thickness and the diaaeters of those on 
one side of the aeabrane differ from those on the other 
side of it. 

The syaaetric aeabrane, as explained In Japanese 
Patent Publication No. 5.793/' 79 and Japanese Patent 

15 Publication (DPI) Do, 99,303/' 83 (corresponding to European 
Patent No. 50,789), gives a great resistance to the (Ion of 
a fluid on its filtration so that the flow rate is ion 
(that is, only a lev flow rate Is obtainable per unit area, 
unit period of tlae and unit pressure difference). Also, 

20 the filtration ability of the aeabrane can not last long 
since its pores tend to be blocked easily, i.e., no anti- 
blocking ability. 

On the other hand, the asyaaetrlc aeabrane, as 
described In Japanese Patent Publication No. MM/' 80 or 

25 OPI No. 154. 051/* 81 (corresponding to European Patent No. • 
36,315), has on its surface a fine layer which contains 
pores of the shortest diaaeters, thereby fine particles of a 
alniiua size can be substantially caught and reaoved here on 
filtration. This aeans that all the thickness of the aeabrane 

30 can he efficiently utilized as a filter so that It is 
possible to increase the filtration flow rate as nil as to 
prolong the life of the aeabrane as a filter, when it is 

used with care. 

In the above case, however, since the fine layer 
which is very iaportant is on the surface of the aeabrane, 
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it tended to get scratched or abraded, often resulting in 
an escape of floe particles. 

To solve this problea, the fine layer having 
nicro-pores of the shortest diaaeters Is desired to be 

5 inside a aeabrane for filtration. For exaaple, Japanese 
Patent Publication (0P1) No, 150,402/' 83 (corresponding to 
European Patent No. 83,489) proposed a structure In which 
two asyaaetrlc neabranes were adjusted together In layers In 
such a aanner as their fine layer's aides coae In contact. 

10 However, In snch a filter of layered asyaaetrlc aenbranes,. 
when It is folded In an accordion fold and placed In a 
cartridge, the filtration area vithin the cartridge hecoaes 
aaall and therefore, the filtration flow rate as a nodule 
gets low. Accordingly, it has been strongly desired in this 

15 Industry to Invent a structure which has said fine layer 
inside, a single aeabraae. 

In order to overcome the above problem, the present 
inventors studied In detail one of the traditional 
aethods for producing alcro-porous leabranes, I.e., a dry- 

20 wet method, In which a polymer solution is spread and 
allowod to stand In air for a certain period of tlae to 
cause a alcro-phase separation whereby the dianeter of the 
alcro-pores Is controlled, Snch method was devlded Into two 
types, e.g., the one Is a aethod to let the solvent used 

25 evaporate thoroughly (e.g., Japanese Patent Publication 
(OPI)' No. 102. 416/* 80) and the other is a aethod in which the 
spread polyier solution Is hardly left to let the solvent 
evapolate and Is lanersed in s solidifying bath (e.g., 
Japanese Patent Publications (OPI) Nos. 8,887/"80 i 154,051/ 

30 '81). 

In contrast to these two aethods, the present 
Inventors discovered that, surprisingly enough, a layer of 
alninua pores can be foraed at a certain depth inside a 
alcro-porous aeahrsne when evaporation of the solvent 
froa the spread polyaer solution is suitably controlled, 
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while a highly accurately adjusted aaount of vapor of a 
non-solvent to the polyaer Is given to said spread solutioo 
frog the air jo as to let the solution absorb the vapor 
through Its spread surface, whereby a alcro-phase separation 

5 is caused to occur to a certain depth below the surface 
of the spread solution. 

Further, the present iovebtors analyzed the necbanisa 
of filtration and blocking of aeabraaes as Hell as the 
relation between the specific surface area and the filtration 

10 life of neabranes, and discovered that the following two 
points are laportant factors related to the filtration life: 

(a) Hhen the structure of a aeabrane Is nade extremely 
asymtrical, its specific surface area gets snail and the 
inlet side above the miniciuB pore layer does not effectively 

15 function as a pre- f i I ter. and 

(b) Particles are not necessarily trapped where the 
diameter of the pores are saaller than that of the particles 
and lost of the particles are trapped by adhering to walls 
inside the ueabrane, 

20 Therefore, the inventors found it rational not to make 
a aenbrane too asymmetrical so that the specific surface 
area of the aeabrane can be large enough to extend its 
filtration life. Our further study revealed that a membrane 
having a specific surface area of not less than 8 nf/g can 

25 be prepared by controlling the Mounts of the solvent vapor ■ 
and the non-solvent absorbed froa the ataosphere in the 
process between spreading of a aeabrane forming solution and 
Inversion of the apread solution In a solidifying liquid, 
and thereby life of the aicro-porous aeabrane can be extended. 

30 Thus, the first object of the present invention 
is to provide a nicro- porous aeabrane which has a saall 
filtration resistance and a high filtration flow rate. 

The second object is to provide a nicro- porous 
aeabrane of which filtration ability will not easily 
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deteriorate due to any daaage on Its surface. 

The third object is to provide a micro-porous 
ueabrane which can catch fine particles and bacteria 
efficiently and has a long filtration life. 

5 The above-aentioned objects of the present 
invention have been accoiplished by a ilcro-poroos 
aeabrane which is characterised by having a distribution 
of ulcro-pores dianeters In the direction of the thickness 
and containing* layer, of ■iniauu pores inside the nenbrane 

10 (hereinafter referred to as "both sides aaynoetric membrane"). 
Since the aicro-poroua oeabrane of the present 
Invention has a pore dlaaeter distribution In the direction 
of Its thickness, the whole body of the aeabrane can be- 
effectively used as a filter. Accordingly, the filtration 

15 flow rate can be increased and the life as a filter is 
prolonged. Moreover, as the layer of alninua pores exists 
not on the surface of the aeabrane but Inside It, a risk of 
being daaaged by scratches, etc. Is alnlilsed, which makes 
the aeabrane highly advantageous in its handling. Also, It 

2D can be used as a cartridge type filter Just like an ordinary 
alcro-porous aeabrane consisting of one sheet. 
In the accompanying drawing; 
Figure 1 is an electron microscopic photograph at 
2,000 magnification . which shows a section of the alcro- 

25 porous oeabrane obtained In Bxaaple 2 by blowing air for 4 
seconds before laaerslng In a solidifying bath containing 
water at 20 t. 

Plgure 2 is a graph obtained in Example 3, which Bhows 
the relation between the specific surface area end the 

30 depth of the layer of mininum pores produced. 

The polyaer used for foraing a aeabrane In this 
invention Is not particularly restricted. It can be chosen 
depending on the uses of such asymmetric porous aeabranes 
or other purposes. Examples of such a polyaer are 
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cellulose acetate, nitrocellulose, polysulfone, polyether 
sulfooe, polyacrylonltrile, styrene-acrylonitrile copolymer, 
styrene-butadiene copolymer, saponified products of 
ethylene-vloyl acetate copolyaer, polyvinyl alchohol. 

5 polycarbonate, organoslloxane-polycarbonate copolymer, 
polyester carbonate, organopolysiloxane, polyphenyleneoxide, 
polyester, polyamlde, polyi«ide, polyvinyl idene fluoride, 
polyvinyl acetate, polyamldeimide, polybenzi.idazole. 
Of these polymers, the polysul fooe and/or 

10 polyetbersulfone are preferable and polyiers having the 
following formula as a repeating nit are best. 

MKW> 

t. I 
15 CHj 



or 



-KKH 



the micro-porous membrane of the present invention 
Is produced as follows: The above polymer is dissolved into 

25 (1) a good solvent, (2) a oixture of a good solvent and a 
non-solvent, or (3) a nixture of more than one of the 
solvents which have different solubilities with one another, 
to prepare a ran solution for a membrane. Then, the 
solution is spread over a support and immersed In a 

30 solidifying liquid to form a membrane, which is rinsed and 
dried. 

the solvent used for a polyner to for. a membrane 
depends on the kind of the poly.er. Generally, it is to be 
8 good solvent to said polyner and, at the sane tin. It 
35 i5 to be the one which can be quickly substituted by a 
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solidifying liquid on immersion. In nany cases, water Is 
used as a solidifying liquid. Tberfore, it is preferable to 
use a polar solvent which has a compatibility with water, 
For example, vhen e polysulfone is used as a polymer for 

S. forning a oeabrane. dioxane, tetrahydrof irao, ' 
diaethylformamlde, dlnethylacetaolde, H-iathjl-2- 
pyrrol Idone or a oixture of theo are suitable. In the 
case of using polyacryloaitrlle, solvents such as dioxane, 
Nethyl-2-pyrrolldooe, dlmethylforaaalde, 

ID dlmethylacetamlde -and dimethylsulfoxide are suitable, 
jklso, dlmethylf ormaiDide end dinethylacetaoide in the 
case of a polyamtde and dlchloroethane, acetone, dioxane, 
tetrahydrofuren or N-methyl-2-methy 1-2-pyrrolidone in 
the case of cellulose acetate are respectively suitable. . 

15 On the other band, a preferable non-solvent is 
a solvent which does not dissolve a polyaer and, at the 
sane tine, has a sufficient compatibility with a solidifying 
liquid. Examples of such a non-solvent are water, methanol, 
isopropBDOl, polyethylene glycol end glycerin. Vhen such 

20 non-solvent is mixed with a good solvent, the amount of 
the former Is not restricted so far as it is within a range 
where the resultant mixture solution can maintain Its 
hoBogeneity. However, a preferable amount of the non- 
solvent is 5 - 50% by weight, 

25 Also, in order to control the porous structure, a 
swelling agent such as an Inorganic or organic electrolyte, 
or a macrooolecule or Its electrolyte can be added to the 

polymer solution, 

Examples of such a swelling agent are aetal salts. 

30 of inorganic acids such as sodium chloride, sodium nitrate, 
potassium nitrate, sodium sulfate, ar zinc chloride; 
octal salts of organic acids such as sodium acetate, sodium 
formate; nacroraolecules such as polyethylene glycol or 
polyvinylpyrrolidone), macroraolecular electrolytes 

35 such as polystyrene sodium sulfonate, poly (v i oyl -benzyl - 
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trine thy 1 amaoniuB chloride) end ionic surface 
active agents ma as di -octylaul f o sodium auccioate. or an. 
alkyl methyl sodium taurinate. these swel ling agents give 
their effects to soie extent even when they are added as they 

5 are to a polyaer solution. However, when they are added in 
a fori of a" aqueous solution, they can exert large 
effects, although there is no restriction on the seouat of 
the aqueous swelling agent solution to be added so far as 
the hoiogenelty of the polyaer solution is aaintaioed, it is 

10 usually 0.5 ■ 10 X by voluie to the solvent. As for the 
concentration of the aqueous swelling agent solution, there 
is DO restriction thereon but ordinarily it is from 1 to. 
60 I by veight. 

The concentration of the polyaer solution for 

IS forming a aeabrane is to be 5 ■ 35 I by Height, preferably 
10 • 30 1 by Height. If the concentration is higher than 
35 \ by ((eight, the water payability of the obtained 
aicro-porous nenbraae becones so Ion as to be iopractical, 
*hlle the concentration loner than 5 I by weight does not 

20 give a aeabrane having a sufficient filtration ability. 
The nicro-porous oeobrane of the present invention 
can be produced by spreading the raw solution obtained 
as above over a support, then adjusting the aoount of the 
solvent evaporating Iron the spread ran solution and the 

25 amount of the non-solvent vapor absorbed by it according to . 

various aa thods . 

For example, the ran solution Ib spread over a 
support and air having an absolute hueidity of acre than 
2 g fl2 0/Kg-Air is blown on the surface of the spread 
30 solution at a rate ol higher than 0,2 a/sec, whereby a 
coacervation phase is foraed to deeper than 1 pi, preferably 
as deep as 1 • 30 f«a below the surface of the spread 
solution. Then the resulting leibrane is Immediately 
i.aersed in a solidifying bath to form a nicro-porous 
aeabrane. 
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The nicro-porous aeabrane obtained in this way 
has the tainlnun) pore layer at the deepest part of the 
coacervation. This is different froi the membrane obtained 
by the known aethod, la which the spread solution is inaersed 

5 after it is aaiatained for some time in air or in a non- 
solvent atmosphere. 

In this case, it la preferred that the ratio 
between the diameter of the pores on the top side of the. 
obtained aeabrane and that of the other side is from 1 : 10 

10 to 1 : 1000, and the specific surface area measured by the BET 
aethod Is in a range of 11 - 80 nf/g. If the specific 
surface area is larger than 80 nf/g. the physical strength 
of the aeabrane becomes reduced, therefore the range of the 
specific surface area of 20 • 60 Hi is better, 

15' The reason why the aicro-porous aeabrane having the 
layer of minimum pores Inside can be obtained by the present 
' invention la not known clearly. However, It la preanaed to 
be as follows! a layer of ainimuo pores seems to be foraed 
in between the layer In which said aicro-phase separation 

20 due to the solvent evaporation and the non-solvent's 
penetration occured and that in which no such separation 
took place, Hoen the membrane Is iaaersed in a solidifying 
liquid before the diameters of the pores in said layer grow, 
the layer of ainleua pores can be filed. Then, since the 

25 solidifying liquid permeates very slowly through said 
nlnlBun pore layer to the inner part of the spread solution, 
the aicro-phase separation due to the penetration of the 
non-solvent. proceeds In the part beyond the layer of alolaua 
pores, whereby aicro-pores having longer diameters than that 

30 of the pores in the minimum pore layer are foraed. 

In the traditional methods, In order to let pores 
form In the surface area of a aeabrane which is used in a 
field of ilcro-flltraioo, the raw solution for forming a 
aeabrane is spread over a support after the solution has 

35 slightly developed its phase separation, and the spread 
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solution is immersed in a solidifying liquid (e.g., Japanese 
Patent Publications (OPI) Hos. 154.051/'81 ft 145. 740/" 83) . 

BoHever, the weakest point of such aethods Is that 
the stability of the ran solution in the state of such phase 

5 separation is very poor so that the solution needs to.be 
forned Into a nenbrane Mi thin a short period of tine after 
the preparation of the solution In said state, otherwise 
precipitates are forned in the solution and a further 
filtration process becoies necessary as disclosed is the 

10 bulletin of Japanese Patent Publication (0P1) No. 145,710/ 
'83. On the other hand, If the developient of the phase 
separation is suppressed to secure the Stability of the 
ran solution, a skin layer is formed on the surface of the 
mbrane, which makes it unsuitable as a filter for micro- 

15 filtration. The present invention, however, does not suffer 
froa such a problem since a raw solution is prepared to be 
a completely hoaogeneous syste», and after it Is spread 
the spread solution Is iaoeraed In a solidifying bath when 
a vapor of a non-solvent (e.g., water) Is supplied froa the 

20 air to let the spread solution absorb It while the solvent 
In the solution is evaporated to cause a state of phase 
separation only In the area near the surface. 

According to the present invention, both sides of an 
asymmetric membrane which has not been obtainable so far 

25 can be produced by controlling the mount of the non- 
solvent contained in the gas which is in contact with the 
surface of the spread solution as well as the blowing rate 
of the gas toward said surface. In this case, since the 
phase separation is caused to occur only in the area near 

30 the surface, It is necessary to let the non-solvent vapor be 
absorbed into the spread solution uniformly within a very 
short tine and the solution be solidified immediately. By 
adjusting this absorption of the non-solvent vapor, it Is 
possible to adjust the depth of the minimum pore layer and 

35 the diameter of the pores In it. 
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Io order to make the present invention effective, 
it Is especially necessary to previously add to a raw 
solution not only a solvent suitable for the polyaer used 
but also a non-solvent, and a swelling agent. Examples of 
5 such a non-solvent and a swelling agent are polyethylene 
glycol, poly(vlnylpyrrolldone), water, etc. as aentloned 
before. 

the conditions for producing the present micro- 
porous membrane depend on the kind of the polymer, solvent, 

10 non-solvent and swelling agent to be used, the concentration 
of the polymer, the atmosphere In which the raw solution la 
spread, etc. It is important to find out the most desirable 
conditions by studying the timing of the olcro-phaae 
separation and the structure of the aembrane, the thua 

15 obtained conditions can be controlled by adjusting the 
amount of the solvent evaporating from the spread raw , 
solution and the. amount of the non-solvent vapor absorbed 
by it according to various methods. 

Such an adjustoent can be accomplished, for 

20 example, by adjusting the period of time from spreading of 
the raw solution to Immersion of It In a solidifying bath, 
this tlae adjustment is carried out e.g., by covering the 
course of the polymer solution from the place where it is 
spread to that of the solidifying bath; or by adjusting 

25 the vapor pressures of the good solvent and non-solvent, 
temperature, rate of aeration, etc. in the atmosphere where 
the present process is carried out, 

The polymer solution removed from the solidifying 
liquid has acquired a self-supporting ability. Thus, It Is 

30 peeled off from the support used for reinforcement and 
Immersed in a rinsing bath, after rinsing the membrane with 
water, it is dried and either rolled up or further treated 
to make It hydrophlllc. 
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EXAMPLES 

While tbe present invention is further explained 
la detail by reference to exanpUa thereof, it is not to 
be restricted by then. The unit, "part", used to express 
5 anounts .added means "part by, weight". 

EXAMPLE 1 

» homogeneous ran solution for foralng a meabrane 
M as prepared by dissolving 20 parts of polyvlnylldene 
fluoride (Mil ®: manufactured by Pennwalt Co., Ltd. 

10 U.S.A.), 60 parts of dimethylacetaalde as a good solvent, 
and a non-solvent consisting of 10 parts of polyethylene 
glycol 200, 10 parts of poly(vinylpyrrolidone) and 0.7 parts 
of «ater, The obtained solution was spread evenly over a 
glass plate using a doctor blade so as to have a spread 

15 solution thickness of 150 pi, and Kara air at 60 t 
(relative humidity: 30 \) was blown on to the surface of the 
spread solution saaples at a rate of 0.8 a/sec for 0, 2, 6. 
10 I 30 seconds, respectively. Then, the sanples me 
Immediately Immersed in warm Hater at 10 1 for 2 minutes and 

20 further in water at 20 t to obtain nicro-porous meibraoes. 
The structure of each membrane was exantned by an electron 
ricroscope. the results are shown in Table 1. 

It is apparent from the above results, 
that the lialm pore layer m formed Inside the aeibrane 

25 when wan air Has blown for 2 to 10 seconds. 

Example 2 

ft raw solution for foning a leiibrane was prepared 
by homogeneously dissolving 15 parts of polysulfone (P-3500 
manufactured by I.C.C, Co.), in 70 parts of N-methyl-2- 

30 pyrrolidone, 15 parts of poly(vlnylpyrrolidone) and 0.8 
parts of water. The solution was let flow to spread over 
a glass plate with a casting coater so as to have a spread 
solution thickness of 150 M. and warm air at 40 X 
(relative huaidlty: 60 » wi blown on to the surface of the 

35 spread solution samples at a rate of 2 n/sec for 2, I 6, 
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10, 20 I 30 seconds, respectively, the samples Here 
immediately ionersed ii a solidifying bath containing water 
at 20 t to obtain micro-porous membranes. The membranes 
ibid had a diDinuD pore layer inside them were those blown 
5 N lth the above air for 2 to 20 seconds, The one blown for 
30 seconds did not have such a layer clearly, 

Pros the electron microscopic photograph of the 
section of the B9B brane(Fl!.l) which m'.left to stand in 

the air for 4 seconds, a fine layer of which mlcro-pcre 

10 diameters were shorter than those of the pores on the 
membrane surface was found to be at the depth of about 10 
/in below the surface. 

The amount of permeated water and the ability to 
remove polystyrene latex particles were exaiined using the 

15 present invention's membrane prepared by aeration for 4 
seconds (average diameter of the ililm P«es: 0.2 a 
mrketed Membrane A for coiparieon which is an asymmetric 
■e.hrane and has ililm pores in Its surface layer (wade of 
polysulfone, average diameter of the ililm pores: 0.2 m), 

20 and a marketed symmetrical Membrane B (-ale of polyvinylidene 
f luoride, average diameter: 0.20"). 

The ability to remove the particles was evaluated by 
filtering polystyrene latex (manufactured by Dow Corning Co., 
Ltd.) having an average particle diameter of 0,236*8 In 

25 an amount of 10* particles per 1 c»2 of the filtration . 
area of each membrane, and by counting the nuaber of 
particles which passed through the membrane. 

For comparison, two of the marketed Hembranes A vere put 
together so as to let their minimum pore layers contact 

3fl each other, the combination being designated "Membrane A" (according to 
the method described in Japanese Patent Application (0P1) 
No. 150,m/'83), The ability of this membrane to remove 
particles was also examined. The results are in Table 2. 
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The membrane 
of the 
present 
invention 


Membrane 
A 


Membrane 

B 1 


Henbrane 
A 


Amount of water 


45 


30 


15 




Number of the 
particles which 
passed through 
the membrane 


3 


"till 


tin ; 


40 



10 



I 



As is apparent from the above Table 2, the oenbrane of the 
present invention has a low filtration resistance, whereby 
insplte of a large amount of permeated water the noober of 
the particles which passed through the fill was small (greater 
15 ability to remove the particles), Thus, the membrane Is 
highly effective. 

Although Membrane A' which was aade of two membranes as 
above has an proved ability to remove particles compared 
Kith that of Membrane A, It Is not as excellent as the 
20 present Invention's membrane which was, as a result, proved 
' to be highly reliable. 

Example 3 

H membrane-forming solution comprising 15 parts of 
polysulfone ( * P-3500" produced by Onion Carbide Coop, Ltd,), 

25 80 parts of Nethylpyrrolldone, 15 parts of polyethyleneglycol 
5 parts of poly(vlnylpyrrolldone) and 5 parts of LICi was 
let flow to spread over a glass plate to have a thickness ■ 
of ]50 P m and waa exposed to the air having a relative 
humidity of 40 t, a temperature of 25 t at an aeration rate 

30 of 0,7 m/sec for 15 seconds. After the coacervatlon' phase 
ves formed on the surface, the layer on the plate was 
immersed in water at 25 t for solidification to obtain a 
mlcro-porous membrane, The pore diameter of the top side of 
this lembrane.was from 0,5 to I while that of the other 

35 side was from 1 to 10 M. The average diameter of the pores 
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lit the o In 1 nun pore layer Has 0.15/ia, and the specific 
surface area was 41 ill. It was conf irned by an observation 
of the neobrane section with an electron oicroscope that the 
nlniaua pore layer existed within the aeibrane itself. 

5 Pig. 2 shows the relation betKeen depth from the top 
surface to the nininun pore layer and the specific surface 
aree obtained by variog the aeration tine, It is apparent 
froa the figure that the deeper the place of the oininua 
pore layer wi tbin the neobrane, the greater the specific 

ID surface area, 

Comparative Exanple 
The solution in Exanple 3 was let flow to spread over 
a glass plate to have a thickness of 150 and immediately 
iaaersed In water at 25 t to obtain a ilcro-porous aeabrane. 

15 The average pore diaaeter of the top side of this aeabrane 
hbs 0.15M, while the diaaeter of the other side was froa 
10 to 100 P*. The specific surface area was 5 nf/g. An 
electron aicroscopic photo of the aeabrane section showed 
that the alniaua pore layer existed In the topaost surface 

20 of the aeabrane, 

Exaaple d 

Filtration tests were carried out with respect to the 
present Invention's aeabrane obtained in Exaaple 3 and the 
aeibrane obtained in the coaparatlve exaaple. 

25 An aqueous solution containing 0,01 wtl of polystyrene . 
latex (average particle alie: 0.11 0i) Has subjected to the 
filtratloD tests using the two aeabranes with a pressure 
difference between pressures before and behind the aeabrane 
of 0,1 kg, As a result, the aeibrane obtained in the 

30 coaparative exaaple substantially got blocked after filtering 
500 a* /c»2 of the solution , while the aeabrane of the 
present invention was able to filter 1,200 a* An 2 e f 
the same. Thus, it was proved that the present invention's 
aeabrane had a greatly laproved filtration life. 
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CLAIMS: 

1, A micro-porous aeabrane having a distribution 
of pore diameters in the direction of thickness thereof, 
which contains e layer of minimum pores inside the membrene 

5 itself. 

2, A mlcro-poroos membrane es claimed in Claim 1, 
wherein said layer. of minimum pores exist 8t e depth of 
1 - 30 ;m below the surface thereof. 

3, A micro-porous membrane as claimed in Claim 1 
10 or Claim 2, wherein said membrane is made of a polyaulfone 

or polyether sulfone, 

4, A micro-porous membrane as claimed in any preceding 
claim, wherein the ratio between the diameter of the pores 
on the. top side of the membrane and that of the other side 

15 is from 1 : 10 to 1 : 1,000. 

5, A micro-porous membrane as claimed in any preceding 
dBin, wherein the specific surface ares is larger than 8 
square meters per gram. 

(. A micro-porous membrane as claimed in Claim 5, 
20 wherein said specific surface area is from 8 m*/g to BO.m 2 /g. 

7, A micro-porous membrane as claimed in Claim 1 
substantially as hereinbefore described with reference 
to Example 1, 2 or 3. 

8, A micro-porous membrane as claimed in Claim 1, 
25 having a structure substantially as shown in Fig. 1 of 

the accompanying drawing. 

9, A process for producing a micro-porous membrane, 
wherein (a) a polymer solution is prepared by dissolving 
a polymer (or forming a membrane in a mixture of e good 

30 solvent for said polymer and optionally a non-solvent for 
the, seme, (b) the solution is spread over a support, (c) 
a phase separation is caused on the surface of the spread 
solution to obtain a micro-porouB membrane having a layer 
of minimum pores inside, and (d) the membrane is immersed 

35 in a solidifying liquid to form a micro-porous membrane. 

10, A- process for; producing a micro-porous membrane 
as claimed in Claim 9, wherein water is used as a solid- 
ifying liquid and a polar solvent compatible with water 
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is used as a good solvent for said polymer. 

11, A process for producing a micro-porous membrane 
as claimed in Claim 10, wherein air having an absolute 
humidity higher than 2 grams H^/Kg air is blown on to the 

5 surface of the membrane of said polymer solution at a rate 
of higher than 0.2 i/sec. 

12. A process for producing a raicro-porous membrane 
as claimed in Claim 9, 10 or 11, wherein the ratio of the 
good solvent and the non-solvent is from 95 : 5 to 50: 50. 

10 13. A process as claimed in Claims 9, 10, 11 or 12, 
wherein the concentration of the polymer solution is from 
5 to 35 weight per cent. 

U, A process as claimed in any of Claims 9 to 13, 
wherein the polymer solution contains a swelling agent. 

15 15. A process for producing a micro-porous membrane 
as claimed in Claim 14, wherein said swelling agent is added 
by adding a solution containing 1 - 60 wtl of the swelling 
agent in an amount of 0.5 - 10 volume I based on the amount 
of good solvent and any non-solvent in the polymer solution. 

20 16. A process for producing a micro-porous membrane 
as claimed In Claim 9, substantially as hereinbefore 
described with reference to Example 1, 2 or 3. 

17. A process as claimed in any of Claims 9 to 16, 
wherein a membrane as claimed in any Claims 1 to 6 is 

25 produced. 

18. A membrane as claimed in any of Claims 1 to 8 
or produced by the process of any of Claims 9 to 16, when 
used for the filtration of small particles. 



MtaVinli-ftilttvOflcitoHoa MD Kip UKtaMlQI 5 Marco* n** WWiihBlfchwQ!*! 



§ fi§5 ^1?S§8? 8GSE 3 = g j? 5033! ? 

a 0 p, 0 3 y. W * w^Oi 5' ^ 5 m « W 0 to S uA 



o- *H if 



b 



B 




off 



"HUM 

o o 5 3 3 

o i n * (1 

w 



G « T3 (T v« h. E P * /w WJ>M^ PT ^v- 1 

q ug, o. g S?oP h CChw m gd 

g a a £ £ s < ' 3h 0 mH 



00 o> 0 S 2 0 2. g : SB 

3 0^ ^0 p v og 



H 

t 

0 
c 



(O h 6 ft R' Z'^ C " 

< 0 j g < % 2. * 



